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Abstract
Federal statutes require wetlands that are disturbed or destroyed by human activity
to be restored or replaced. However, restoration projects are often unsuccessful, resulting
in a continued loss of wetland area and function. This project focuses on a wetland
restoration project undertaken by the University of Maine to compensate for construction
impacts that took place over the period of 1980-2010. Three sites were involved in the
study, of which two were direct restoration and a third compensatory mitigation to offset
impacts that could not be restored. All sites were graded to restore wetland hydrology and
then revegetated by seeding and planting woody trees and shrubs. Following
construction, a five-year monitoring plan began, at the end of which the University must
demonstrate compliance with restoration objectives. This study examined the hydrology
of the sites along with mortality, growth, and vigor of planted trees and assessment of
volunteer vegetation to (a) verify that wetland conditions have been created, (b) assess
the ability of the project to meet compliance standards at the end of the five years, and (c)
identify problems with either the restoration work or monitoring protocol. I found that,
although hydrology had been restored, performance of the planted shrubs was not
consistent with the monitoring standards, and that the monitoring protocol is not
sufficient to verify compliance.
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Introduction
Wetlands provide valuable ecosystem services, including sediment retention
(Croft and Chow-Fraser 2009), flood abatement (Weaver et al. 2012, Hoeltje and Cole
2007), and pollutant breakdown (ibid.). They are also highly productive and crucial
habitat for many animal species (Alsfeld et al. 2010, Hoeltje and Cole 2007).
Problematically, these areas have long been the focus of development (Croft and ChowFraser 2009), and human impacts have resulted in an approximately 50% reduction in
wetland area in the continental United States over the previous two centuries (Balcombe
et al. 2005, Matthews and Endress 2008, NRC 2001).
Despite their importance, regulatory protection of wetlands is a relatively recent
phenomenon. The 1972 Section 404 amendment to the Clean Water Act marked the
beginning of a permitting system for dredging or filling of “waters of the United States”
(Matthews and Endress 2008). However, wetlands were not formally included in this
category until 1975, when an executive order demanded their inclusion (Mitsch and
Gosselink 2000).
In 1987, the National Wetlands Policy Forum created the “no-net-loss” objective
(Balcombe et al. 2005, Mitsch and Gosselink 2000). The subsequent decade oversaw the
construction of a wetlands-specific permitting system jointly administered by the US
Army Corps of Engineers (USACE) (ibid.) and state regulatory agencies – in Maine, by
the DEP under the 1988 Natural Resources Protection Act (NRPA) (Maine Natural
Resources Protection Act §480). Under the permitting system, permittees or violators are
required to offset past impacts or unavoidable future impacts through one or more of four
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activities considered under the general term “mitigation” (NRC 2001): restoration,
creation, enhancement, and preservation. Wetland restoration is the “return of a wetland
from a disturbed or altered condition by human activity to a previously existing
condition” (ibid.). Wetland creation refers to “the conversion of a persistent upland or
shallow water area into a wetland by human activity” (ibid.). Wetland enhancement refers
to “a human activity that increases one or more of the functions of an existing wetland”
(ibid.), where wetland functions include water-quality improvement, water retention,
groundwater recharge, shoreline stabilization, or wildlife habitat (ibid., also see above).
Wetland preservation refers to the “protection of an existing and well functioning wetland
from prospective future threats” without altering the site (ibid.). It is the least preferred
and is rarely considered as part of a mitigation program (ibid.). A created, restored, or
enhanced wetland is referred to as a “constructed wetland” (Mitsch and Gosselink 2000)
and requires a monitoring period, typically 3-5 years long, during which the wetland must
meet a set of performance criteria as determined by the agency managing the permit
(NRC 2001). These criteria typically require the observation of both physical and biotic
indicators of wetland condition, including seasonally high water table, native hydrophyte
establishment, and wildlife use (USACE 2009), although there is considerable variation
among individual projects (discussed below).
In the northeastern United States, development has primarily impacted freshwater
systems, as opposed to coastal or tidal marshes (though note Carle [2011]). Of these,
forested wetlands are widest in extent (Tiner 2007) and the most frequently affected
(Matthews and Endress 2008). Consequentially, most mitigation research in the northeast,
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including this paper, focuses on these wetlands rather than other palustrine systems, such
as moss-lichen wetlands (peatlands, bogs, and fens). Forested wetlands are characterized
by woody vegetation at least 6 m in height and dominated by Ulmus americana,
Fraxinus pennsylvanica, Fraxinus nigra, Larix laricina, Thuja occindentalis, and/or
Picea nigra (Cowardin et al. 1979, species not native to Maine omitted). Hydrologic
regimes can range from permanent flooding to intermittent flooding on the scale of years
(Cowardin et al. 1979, Figure 1).

Figure 1: Topological distribution and hydroperiods of palustrine wetlands.
Reproduced from Cowardin et al. (1979)

Numerous authors have criticized the current permit system, citing poor rates of
compliance. state-level studies have suggested that substantial losses of wetlands are still
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occurring due to delinquency or failure of permit holders. Brown and Veneman (2001)
found that 54% of projects examined failed to meet their compliance standards, and
21.9% of projects were not even built. Kentula et al. (1992, in Freeland et al. 2010) found
net losses of 43% of permitted wetlands in Oregon and 26% loss in Washington.
Matthews and Endress (2008) found that 67% of projects failed to restore the minimum
required area, resulting in a net loss of wetlands as a result of permitted activities. Carle
(2011) reported delinquency-related losses of 24,676 ha of coastal wetland in North
Carolina over the period of 1994-2001. In central Pennsylvania, Hoeltje and Cole (2007)
found that constructed wetlands failed to restore the hydrogeomorphic features of natural
wetlands. Spieles's (2005) summary of restorations reported 43% restoration success in
California, 4% overall permit compliance in Tennessee, and 64% restoration success in
Indiana.
Criticism has focused most heavily on the inconsistency of performance standards
across projects, described by Spieles (2005) as “haphazard.” Matthews and Endress
(2008) found minimum survival requirements of installed plantings ranging from 28% to
100%, and Breaux and Serefiddin (1999) found 59 different criteria in six different
categories in the 110 projects that they examined. Cole and Shafer (2002) found that only
57% of projects from 1986-1999 had performance criteria (of which 62% successfully
met those criteria), and less than 10% had the proper monitoring documentation. Some
sites claimed success despite obvious failure to meet basic requirements (including the
mere presence of vegetation).
In terms of temporal compliance issues, Brown and Veneman (2001) noted that
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many towns issued Certifications of Compliance releasing permittees of monitoring
responsibilities after two years, well short of the five years considered necessary to
validate that the wetland will be successfully reestablished (see NRC 2001). In addition,
even the typical monitoring period is considered too short by many: model-based
estimates suggest that full restoration of ecosystem services may take as long as 12-15
years (Brown and Veneman 2001), although others (see Balcombe et al. 2005) have
argued that it may be necessary to wait as long as 50 years.
All of these analyses focused on large numbers of projects; little in the way of
case studies have been performed outside of experimental restorations (see Weaver et al.
2012, Ahn and Dee 2011, Alsfeld et al. 2009, Alsfeld et al. 2010). The poor performance
of many wetland mitigations suggests audits of individual projects are necessary to
determine where and how restorations fail. This paper focuses on a wetland restoration
project that ocurred on the University of Maine campus beginning in 2011 and which is
moving into its second year of monitoring at the time of writing. As mandated by the
United States Environmental Protection Agency (EPA), restoration and compensation to
mitigate for past construction impacts, including removal of fill and the planting of
woody trees and shrubs, took place on three areas of a combined 5.6 acres (2.25 ha). Over
the first year of the five-year monitoring period, the performance and monitoring
standards were assessed. This study identified specific shortcomings in the monitoring
program which may have implications for policy and the implementation of other
wetland mitigation projects.
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Project Aims and Scope
The primary goal of this investigation was to apply several commonly accepted
physical and biological assessment criteria to three constructed wetlands. These data were
used to make predictions concerning the eventual success or failure of the project at the
end of the five-year monitoring period. A secondary objective evaluated the ability of the
monitoring program to demonstrate compliance with the EPA's performance standards.
Finally, a tertiary objective explored alternative data collection practices and tools that
might be used to supplement the monitoring program's measurements of mortality,
growth, and vigor.
The central questions that were addressed in this investigation included:
1. Do the restoration areas exhibit hydric soil conditions consistent with natural
wetlands?
2. Do the planted trees and shrubs exhibit the necessary levels of survival and
growth to achieve compliance with the EPA's performance standards?
3. Are the woody plantings adversely affected by deer browse, disease, insect
damage, or competition with grasses?
4. Are the habitat preferences and relative abundances of invasive and volunteer
species consistent with the project's assumptions that proper hydrology has been
restored?
5. Will the monitoring program produce an accurate and comprehensive evaluation
of outcomes, and, if not, what modifications are necessary?
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Site Histories and Description of Restoration Work
In 2010, the EPA determined that the University of Maine had unlawfully
discharged fill material and snow, constructed infrastructure improvements, and expanded
a landfill into an estimated 4.73 acres (1.91 ha) of wetlands (Stantec 2010 Appendix 1)
between 1984 and 2009. In an administrative order issued to the University, the EPA
required the University or its agents to restore and/or compensate for the impacts.
The environmental consulting agency Stantec delineated the historic wetlands
using stereoscopy of historic aerial photographs taken between 1960 and 1980 (DiBello
2012) and developed a work plan for two impacted sites on the University campus with
areas of 0.745 ha (hereafter referred to as Site Alpha) and 0.374 ha (Site Beta) and an
additional compensatory mitigation and wetland enhancement area of 1.13 ha (Site
Gamma). Fill and soil were removed from the sites during the summer of 2011 in order to
bring the grade back to the estimated pre-impact levels. That autumn, as part of a
revegetation project, the sites were hydroseeded and trees and shrubs were planted.
Part of the work plan outlined the procedures and criteria for a five-year
monitoring and assessment program to ensure that the wetlands had been restored to the
level of the EPA's standards (refer to Stantec 2010 Attachment 1). Although the
monitoring criteria differ for each site, three provisions are the same: native hydrophytes
must establish on 75% of each site's area; hydric soils must be exhibited per the
guidelines of the Interim Regional Supplement to the Corps of Engineers Wetland
Delineation Manual: Northcentral and Northeast Region (USACE 2009); and nonnative
invasive species must not establish monotypic stands of more than 500 sq ft (46.5 sq m)
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in area. The remaining requirements are discussed in further detail in the next sections.
Site Alpha
This site is located adjacent to a construction debris deposit (CDD) area on the
western end of campus. From 1982 to 2008, the area was a snow dump and received fill
from University construction projects and snow-associated sediment to a total depth of
4.5 to 6.0 m (Stantec 2010). This fill was removed from the site and placed on the
adjacent CDD mound using heavy machinery. Topsoil was spread on the site in a
mounded pattern 15-30 cm above the restored grade to avoid revegetation obstacles
caused by soil compaction, to provide a heterogeneous environment that emulated the pitand-mound structure observed in the surrounding wetlands, and to encourage species
diversity through microenvironment niche partitioning (Stantec 2010; see also Ahn and
Dee 2011 and Barry et al. 1996). Mound diameter was approximately 1.83 to 3.66 m. The
site was then sprayed with hydroseed mix (Wetland Restoration Mix produced by
ERNST Seeds, Meadville, PA [Table 1]) and overlaid with coarse woody debris,
including branches, stumps, and logs. Nursery-grown trees and shrubs were planted in
clusters on the mound and ringed with mulch. Mulch berms were also placed around the
site in order to prevent erosion and runoff from the nearby parking lot (Stantec 2010).
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Table 1: List of species applied via hydroseeding to all sites
Species

WIS*

Carex vulpinoidea

OBL

Elymus virginicus

FACW

Panicum clandestinum

-

Elymus riparius

FACW

Agrostis scabra

FAC

Carex lurida

OBL

Panicum virgatum

FAC

Scirpus atrovirens

OBL

Carex stipata

OBL

Agrostis perennans

FACU

*WIS: Wetland Indicator Status, the relative probability of encountering a species on a
wetland (Lichvar 2012). The abbreviations are listed below and discussed in further detail
in Table 9.
UPL – Obligate Upland
FACU – Facultative Upland
FAC – Facultative
FACW – Facultative Wetland
OBL – Obligate Wetland

The work plan’s vegetative monitoring standards state that the site must have a
minimum of 4 tree species and 4 shrub species that are “well represented” (Stantec 2010),
defined as present in densities of at least 25 individuals per acre (62 per ha), in any
combination of planted or volunteer species. In addition, total density of all well
represented species must be at least 500 individuals per acre (1235 per ha), of which 350
(865) are trees at least 18 inches (45.7 cm) in height. A total of seven species of trees and
seven species of shrubs (all of which were well represented) were planted on the site
(Table 2).
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Table 2: As-built planting data for Site Alpha
Species

WIS

Number Planted

Density
(plants/acre [ha])

Trees
Betula alleghaniensis

FAC

80

44 [107]

Betula populifolia

FAC

200

110 [269]

Acer rubrum

FAC

300

163 [403]

Abies balsamea

FAC

300

163 [403]

Picea mariana

FACW

50

27 [67]

Larix laricina

FACW

100

54 [134]

Thuja occidentalis

FACW

50

27 [67]

1080

588 [1450]

Total
Shrubs
Cornus amomum

FACW

50

27 [67]

Salix discolor

FACW

50

27 [67]

Alnus incana subsp. rugosa

FACW

90

49 [121]

Ilex verticillata

FACW

47

26 [63]

Viburnum dentatum

FAC

47

26 [63]

Salix sericea

OBL

90

49 [121]

Salix bebbiana

FACW

90

49 [121]

514

253 [623]

Total

Site Beta
Site Beta is located near a horse paddock on the Witter Farm. The area was filled
to a depth of 1.22 to 1.83 m with sand, gravel, clay, construction debris, and coarse
organic debris during an expansion of the Witter Farm between 1995 and 2008 (Stantec
2010). Following a procedure similar to that used for Site Alpha, heavy equipment was
used to remove the fill, and the site was then overlaid with topsoil arranged in a mounded
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pattern. In addition, an upland buffer of 1285 sq m was constructed between the site and
the horse paddock. It received approximately 10 cm of topsoil which was not mounded
(Stantec 2010) and then trees and shrubs – primarily Pinus strobus – were planted in the
area.
The work plan’s vegetative monitoring standards state that the wetland portion of
the site must have a minimum of 4 tree species and 4 shrub species that are well
represented. In addition, total density of all well represented species must be at least 500
individuals per acre (1235 per ha), of which 350 (864.5) are trees at least 18 inches
(45.72 cm) in height. A total of nine species of tree and five species of shrub were planted
following construction. Only three of the five shrub species were well represented (Table
3).
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Table 3: As-built planting data for Site Beta.
Species

WIS

Number Planted

Density
(plants/acre [ha])

Trees
Acer rubrum

FAC

150

162 [401]

Abies balsamea

FAC

150

162 [401]

Picea mariana

FACW

25

27 [67]

Larix laricina

FACW

50

54 [134]

Thuja occidentalis

FACW

25

27 [67]

Picea rubens

FACU

70

76 [187]

Ulmus americana

FACW

58

63 [155]

Pinus strobus*

FACU

175

189 [349]

Fraxinus pennsylvanica

FACW

57

62 [152]

760

822 [1913]

Total
Shrubs
Cornus amomum

FACW

74

80 [198]

Salix discolor

FACW

40

43 [107.0]

Alnus incana subsp. rugosa

FACW

74

80 [198]

Ilex verticilata

FACW

18

20 [48]

Viburnum dentatum

FAC

18

20 [48]

224

242 [598]

Total

*Species was planted almost exclusively on the upland buffer

Site Gamma
This site is an extension of an existing wetland along Witter Farm Road to
compensate for an additional 0.733 ha in impacts that were determined to have occurred
on the University of Maine campus beyond Site Alpha and Site Beta (Stantec 2010). Prior
to the restoration project, Site Gamma consisted of a mowed field bordering an emergent
marsh, that was lowered to wetland grade (Stantec 2010). The remaining portion of the
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site was not altered beyond the planting of shrubs. Contrary to the other two restoration
areas, Site Gamma represents a wetland enhancement rather than a wetland restoration. It
is not designed to restore wetland function but instead to control invasive species, thus
improving the quality of a delineated inland wading bird habitat adjacent to the site
(Stantec 2010). The primary goal of the enhancement was to control a colony of reed
canarygrass (Phalaris arundinacea) which exists on the northern portion of the site. Also
in contrast to the other sites, Site Gamma is not bordered by a wooded wetland that might
serve as a viable seed source; instead, the neighboring marsh is dominated by broad-leaf
cattail (Typha latifolia), a native but undesirable dominant on restoration sites (Spieles
2005) that is generally ascribed low wildlife value (Mitsch and Gosselink 2000).
Consquentially, both the species mix and planting density differ significantly
between Site Gamma and Sites Alpha and Beta. The planting consisted entirely of shrubs
at a high density in order to exclude graminoid competitors (Stantec 2010), with some
trees present on the upland buffer between the site and Witter Farm Road. The work plan
states that the wetland enhancement area must have at least four well represented shrub
species at a total density of at least 1300 shubs per acre (3210 shrubs per ha), with no
trees required. In addition, the upland buffer must have at least four well represented
species of trees and shrubs at a total density of at least 900 plants per acre (2223 plants
per ha). A minimum of 75% of the enhancement area must be covered by native
hydrophytes, and a minimum of 75% of the upland buffer must be covered by native or
naturalized, non-invasive plants (Stantec 2010). The enhancement area was planted with
five species of shrub (see Table 4); some tree species from the buffer were incident in the
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area but not well represented. The buffer was planted with six tree species and two shrub
species (all well represented).
Table 4: As-built planting data for Site Beta
Species

WIS

Number Planted Density (plants/acre
[ha])
Trees

‡

Acer rubrum

FAC

200

227 [568]

Ulmus americana‡

FACW

34

39 [96]

Pinus strobus‡

FACU

200

227 [568]

Fraxinus pennsylvanica‡

FACW

73

83 [208]

Prunus virginiana‡

FACU

35

40 [99]

OBL

27

31 [77]

569

654 [1616] (Buffer
only)

Salix nigra

‡

Total
Shrubs
†

Cornus amomum

FACW

74

110 [272]

*

FACW

40

252 [622]

Alnus incana subsp. rugosa†

FACW

3090

847 [2092]

Salix sericea*

OBL

350

126 [311]

Salix bebbiana*

FACW

695

250 [618]

4249

1585 [3915]
(wetland)
957 [2364] (buffer)

Salix discolor

Total

*

Species observed to occur primarily in the wetland enhancement area, although some
may have been observed in the upland buffer. Density calculation is based on area of the
enhancement area only.
†
Species occurs both in wetland enhancement area and upland buffer. The relative
distribution of these species between the buffer and the enhancement area was not
recorded. Thus, the density is assumed to be the same across both areas.
‡
Species occurs primarily in the upland buffer, although some may have been observed in
the enhancement area (notably Prunus virginiana). Density calculation is based on the
area of the upland buffer only.
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Post-Planting Activity
Immediately following planting in the autumn, the plants were sprayed with a
capsaicin-based deer repellent (LaTorre's Deer OutTM, South Plainfield, NJ). A second
spraying occurred in the spring beginning the week of April 21st. In May, plants with
substantial aboveground tissue death as a result of bud loss or failure to leaf out were
pruned to discourage saprobe growth and infection. Most maples had a majority of their
stem removed, such that aboveground biomass consisted of a single stem protruding
approximately 5-10 cm above ground level. Replacement of some dead and morbid trees
took place after the fall 2012 mortality/morbidity survey, and during that process most
tagged maples were uprooted and destroyed. The replacement process did not
significantly alter the densities of trees and shrubs on each site.
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Methods

Mortality Survey of Planted Trees and Shrubs
Two sampling protocols were used to assess tree and shrub performance. The
work plan called for the establishment of 10m square plots in numbers sufficient to cover
10% of the area of each site. However, the primary focus of this study was a transectbased survey performed to supplement the plot-based sampling approach and to provide a
benchmark for its assessment.
For the plot-based survey, eight plots were established on Site Alpha, four plots on
Site Beta, and 15 plots on Site Gamma. The plot locations were determined randomly
using a GIS algorithm and were located on the sites using a GPS receiver by a wetland
scientist of S.W. Cole Engineering Inc., who oversaw the implementation of the work
plan. Vegetative surveys were performed by the author during the fall monitoring period
(late August to early September 2012). During this survey all plants in these plots were
assessed for the relative level of cover, mortality/morbidity on a 0-4 point scale (Table 5).
The height of the woody plants was also measured.
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Table 5: Description of subjective vigor rating index (summarized from Burman 2013).
Score Condition Interpretation
0

Dead

Plant appears dead.

1

Poor

Plant appears unhealthy and growth is not vigorous. Plant is alive
but showing signs of severe biological and or physical stress, such
as severe deer brows, poor leaf out, small leaves, major structural
damage, or leaf discoloration. Survival unlikely.

2

Fair

Plant appears generally healthy but with physical damage or
symptoms of biological stress, such as failure to leaf out on some
stems, leaves small or discolored, bark damage, or deer browse. A
plant with two or more damage types or stress indicators is also
considered “fair.” Plant may not survive without corrective action.

3

Good

Plant appears generally healthy and vigorous. Leaves generally
healthy, although some discoloration may be evident. If
appropriate, plant has numerous reproductive structures, although
less than normal or expected. Minor damage physical damage or
biological stress apparent.

4

Excellent Plant appears healthy and vigorous. Leaves healthy and numerous.
If appropriate, plant has numerous reproductive structures.
Minimal physical damage or biological stress. If present, deer
browse, leaf discoloration, bark damage, or insect damage do not
appear to be significantly impacting the growth of the plant.

For the transect-based survey, transects were established in October 2011 using
the original site plans and a compass. The lines were drawn parallel to the long axis of
each site with spacing of 40 feet (12.2 m) between each one, with the number of transects
determined by the width of the site. The beginning and endpoints of each transect were
marked using grade stakes and forestry flagging. Seven transects were established on Site
Alpha, six on Site Beta, and 13 on Site Gamma.
Because time and labor constraints prevented all plants from being sampled, only
a subset was selected, with the goal of sampling species common to multiple sites (see
Table 6).
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Table 6: Species selected for the transect survey
Alpha

Beta

Gamma

Acer rubrum

Acer rubrum

Acer rubrum

Alnus incana subsp.
rugosa

Alnus incana subsp.
rugosa

Alnus incana subsp. rugosa

Cornus amomum

Cornus amomom

Cornus amomum

Larix laricina

Larix laricina

Salix discolor

Salix discolor

Betula populifolia

Salix sericea

Salix discolor
Salix sericea

The primary sampling protocol was to pace along the transect, stopping at a set
interval, and marking one individual from each of the selected species, provided its
distance from the sampling point did not exceed half the sampling interval distance along
the transect and half the distance between transects left or right. If multiple individuals
met these criteria, the one closest to the sampling point was marked. Marking consisted
of tagging each individual with a vinyl nursery tag with the four-letter species code and a
number. The location of each individual was recorded in the form of transect letter,
distance along the transect, and the left-right deviation from the transect. Distances were
measured to the nearest foot (30.5 cm) using a wheeled pacer.
Additionally, in order to compensate for the fact that the different population sizes
on each site would result in different sample sizes, a weighted sampling scheme was
developed to prevent underrepresentation. For species of with a site population of less
than 100 individuals, all individuals that were encountered during the transect survey
were marked.
Sampling intervals along each transect were determined based on the number of
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plants placed at each site. For Site Alpha and the enhancement of Site Gamma, where
population sizes were larger and densities higher, the sampling interval was 20 feet (6 m).
For Site Beta and the main portion of the buffer of Site Gamma, which were smaller and
more sparsely populated, the sampling interval was 10 feet (3 m). For the panhandle of
Site Gamma's buffer, the sampling interval was 40 feet (12 m) due to the lower density of
plantings in that area. For transect maps, refer to Appendix A.
The beginning and endpoint locations of each transect were determined using a
GPS receiver and marked on maps of the sites developed by Stantec in AutoCAD (©
Autodesk, Inc.). These maps formed the basis of a program constructed in Microsoft
Visual Basic 2010 that used the pacer-determined distances to map the location of each
plant sampled. These maps can be viewed in Appendix B.
Mortality and morbidity were assessed at two points in the growing season; the
first survey began on May 24th, and the second on August 6th. During the spring
monitoring period, all transect-based survey plants were assessed as alive or dead, and
potential stressors were noted, including deer browse, invertebrate herbivory, mechanical
injury, infection, bark damage by rodents, and partial failure to leaf out. When partial
failure to leaf out was observed on a live plant, it was assessed using one of two
indicators: (a) a plant was considered to have “tip death” if some of the tips did not
resume growth; or (b), if a substantial portion of the shoot did not leaf out such that
growth occurred primarily from the basal portion of the stem or the root collar, the plant
was considered to have “top death.”
During the fall montoring period, the plants were assessed for mortality and
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morbidity using the same scale developed for the plot-based survey (again refer to Table
4). Stressors included in this survey were deer browse, invertebrate herbivory, infection,
bark damage by rodents, mechanical injury, and browning or discoloration of the leaves
(only noted if a majority of the leaves were affected). The relative height of the plant’s
canopy above the surrounding herbacious foliage was also recorded using a binary
system. A plant was considered “dominant” if the majority of the canopy was above the
general level of herbaceous foliage, “suppressed” if it was not.
Growth Survey
The growth survey was also established to complement the plot-based survey,
whose vigor standards consisted of measuring height and assessing condition on the 0-4
scale (Table 5). This portion of the study was designed to compensate for the biasing
effects of measuring height only, which reflects more the growth that occurred in the
nursery rather than after planting. Thus, the alternative metrics of measuring stem
elongation and diameter growth were used. Stem elongation was defined as length of new
growth added along a specific stem during the length of the growing season. This was
measured in two ways: first, the length of the longest (primary) stem; second, the length
of the primary stem and all branches produced by that stem. The second method was
meant to compensate for losses of apical buds during the growing season, typically due to
deer browse. Diameter growth was reported as change relative to a baseline diameter
measurement taken prior to the beginning of the growing season. Diameter was measured
to the nearest 0.1 mm at 5 cm above ground level using a caliper after Pitt el al. (2011).
For plants with multiple stems, the longest stem in the southern quadrant of the plant was
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marked and monitored.
In addition, the survey hoped to develop a quantitative method for assessing the
vigor of the plants beyond the subjective condition rating scale. Chlorophyll content was
selected as possible condition index, as it can be measured quickly and nondestructively
using a SPAD meter (SPAD-502, Konica Minolta, Inc.), which measures leaf
transmittance in the red (650 nm) and infrared (940 nm) range and produces a score on a
scale of 0-50 that is proportional to leaf chlorophyll concentration (Ling et al. 2011,
Carter and Knapp 2001). Several studies have correlated changes in chlorophyll content
with nitrogen limitation (Ling et al. 2011, Carter and Spiering 2002, Carter and Knapp
2001, Klooster et al 2012, Imanishi 2010; although note dissent in Sibley et al. 1996),
dehydration, and flooding (Carter and Spiering 2002). To measure SPAD scores, three
leaves on the outer canopy of each plant, intact where possible, were measured, and the
scores were averaged.
Species were selected for inclusion into the growth study if they occurred on at
least two sites (Table 7). A 30-member subsample of the site-wide transect sample was
taken using the random number generator random.org (Haar 2013). The measurements of
some species were compared to a nursery-grown control sample at Sprague's Nursery &
Garden Center of Bangor, Maine that was assessed at the same time as the fall mortality
surveys.
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Table 7: Listing of species selected for the growth survey on each site.
Site Alpha

Site Beta

Site Gamma

Acer rubrum

Acer rubrum

*

Alnus incana subsp. rugosa Alnus incana subsp. rugosa Alnus incana subsp. rugosa
Cornus amomum

Cornus amomum

*

Salix discolor

Salix discolor

Salix discolor

Salix sericea

Salix sericea

*

Because these species were almost exclusive to the buffer on Site Gamma, they were
omitted from the growth survey.

Phenology Sampling
The phenology of the woody plantings was observed in order to isolate preplanting and winter-related sources of stress (such as freeze-thaw cavitation, bud
mortality, or herbivore damage) from summer-related sources of stress. It was assumed
that plants that had been subjected either to poor nursery conditions or winter damage
would exhibit delayed phenology as compared with healthy plants and that any observed
differences between different populations of the same species may serve as indications of
their relative quality.
The phenology of each individual in the transect-based mortality study was
monitored for the period beginning April 14th and ending around May 24th, with
sampling occurring weekly (Alpha, Beta) or biweekly (Gamma). The phenophase
classification categories were designed using the criteria of the U.S.A. National
Phenology Network (see Table 8). After bud burst, an individual was placed in a
phenophase if the majority of active buds on the plant met a certain criterion.
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Table 8: Phenophase definitions from Denny (2012); “complete” is a category added by
the author.
Angiosperms

Gymnosperms

Category

Definition

Category

Definition

Buds

One or more breaking leaf
buds is visible on the plant. A
leaf bud is considered
“breaking” once a green leaf
tip is visible at the end of the
bud, but before the first leaf
from the bud has unfolded to
expose the leaf stalk (petiole)
or leaf base.

Buds

One or more breaking needle
buds are visible on the plant. A
needle bud is considered
“breaking” once a green
needle tip is visible at the end
of the bud, but before the first
needle from the bud has
unfolded and spread away
from... other needles in a
bundle.

Leaves

One or more live, unfolded
Emerging
leaves are visible on the plant. Needles*
A leaf is considered
“unfolded” once its entire
length has emerged from the
breaking bud so that the leaf
stalk (petiole) or leaf base is
visible at its point of
attachemnt to the stem.

Increasing A majority of leaves on the
Leaf Size plant have not yet reached
their full size and are still
growing larger.

Complete

Needles

A majority of the leaves on the Complete
plant have reached their full
size, ignoring leaves produced
at the growing shoot tips.

A needle bundle is considered
'emerging' once green needle
tips are visible at the end of
the bud, but before the needles
have begun to unfold and
spread away from others in the
bundle

A needle is considered
'unfolded' once it begins to
spread away from the
developing stem enough that
its point of attachment to the
stem is visible, or from other
needles in a bundle so that it is
no longer pressed flat against
them.
All needles in a bundle have
fully elongated, ignoring
bundles produced at the
growing shoot tips.
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Soil Nutrient Analysis
In order to assess the effects of the restoration work and proximity to developed
areas including fields, roads and parking lots on soil chemistry, samples of no more than
6” (15.75 cm) in depth were taken with a corer at the transect posts of each site. They
were then analyzed by the University of Maine Soil Laboratory for micro- and
macronutrient concentrations, salinity, and organic matter content.

Soil Free Water Survey
A high water table (depth of less than 12 in [30.5 cm] below the soil surface) is
one of the primary hydrologic indicators of a wetland, along with surface water and soil
saturation (USACE 2009). In order to verify that the restoration work returned the sites to
a grade capable of maintaining wetland conditions, free water depth was assessed using
basic polyvinyl chloride (PVC) piezometers. Lengths of PVC plumbing pipe were given
six slits at 1 in (2.54 cm) intervals and capped at the bottom. Holes were dug using a hand
auger until refusal, between 40-60 cm depending on well and site, and the piezometers
were inserted directly into the holes. To account for rainwater entering the holes, each
well was pumped at least 24 hours before measurement. The water level was then
measured using a dowel and a tape measure after Faulkner et al (1989). Depth was
recorded to the nearest 1/16th in (0.16 cm).
Soil Aeration Survey
The soil aeration survey was designed to test for a second hydrology indicator,
surface soil saturation (see above), which generally leads to anoxia and reducing
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conditions. It was measured using 12 in (30.48 cm) lengths of iron welding rod. The rods
were hammered into the soil and remained for one month. At the end of the sampling
period, the rods were extracted and the depth to transition between aerated oxidizing
conditions and anoxic reducing conditions was determined by the location where the rust
began to mottle and give way to unoxidized iron. Depth to transition was measured to the
nearest tenth of a millimeter. After measurement the rods were cleaned using steel wool
or a polishing wheel fitted with the wire brush attachment and returned to the ground.
At Site Alpha, where detailed topographic data were available, an additional
transect running along the direction of topographic decline was established. Two
replicates (one established for the April survey and the second added for all surveys after
and including the May survey) were placed along a transect at the approximate center of
each 12 in (30.48 cm) elevation interval at the site. At Site Beta, detailed topographic data
were unavailable and so the rods were placed randomly along the existing transects with
two replicates per interval, with the second replicate added prior to the May survey.
At Site Gamma, detailed topographic data were also unavailable, although the
whole of the enhancement area was ostensibly at the same elevation (Stantec 2010).
However, it was observed during the transect establishment period in October 2011 that
grass browning and senescence occurred much earlier in the reconstructed portion versus
the unreconstructed portion, and it was hypothesized this was due to root oxygen
deprivation as a result of earthwork-related soil compaction. Thus, the observed
differences in vegetation vigor between the constructed and unconstructed portion of the
enhancement area were used to guide experimental design. The unreconstructed portion
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of the enhancement area was separated into two zones due to observation of a sharp
delineation between the area occupied by reed canarygrass (Phalaris arundinacea) and
that colonized primarily by Agrostis alba, Phleum pratense, and Alopecurus pratensis. An
approximately equal number of rods was placed in each vegetative zone at a rate of one
per zone per transect in the 11 transects ocurring in the main body of the site. Distribution
was determined randomly using random.org (Haar 2013) and maintained for the duration
of the study.
Herbaceous Plant Survey
The work plan specified that monitoring for invasive species and establishment of
herbaceous plants should be conducted by meander survey. However, given the area
requirements (at least 75% of the site must exhibit wetland hydrologic indicators [Stantec
2010]), a more quantitative approach was proposed in order to assess both the extent of
invasive species and to monitor the hydrophytic status of all volunteer plants establishing
on the site.
Site surveys for herbaceous plant establishment took place in late June and early
July. The surveys were conducted by walking the transects and recording the species that
ocurred within 3 feet (91.3 cm) right and left of the transect at every 1-foot (30.5 cm)
measuring interval. Unknown species were collected, pressed, and identified using
Magee and Ahles (2007) and Haines et al. (2011). For species with a matted or spreading
growth habit, an instance was recorded for each 1-foot (30.5 cm) interval at which the
plant appeared.
Each species was assigned a wetland indicator status (WIS), a system used for
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wetland delineation and maintained by the USACE (Lichvar 2012). The five WIS
categories are shown in Table 9.
Table 9: Description of wetland indicator status categories (NRCS 2012). Parenthetical
percentages indicate the probably that a plant with a given indicator will be found in a
plot on a wetland.
Abbr.

Interpretation

Definition

OBL

Obligate Wetland

Almost always (99%) is a hydrophyte, rarely in uplands

FACW Facultative Wetland Usually is a hydrophyte (67-99%), but occasionally
found in uplands
FAC

Facultative

Commonly occurs as a hydrophyte (34-66%) or a nonhydrophyte

FACU

Facultative Upland

Occasionally is a hydrophyte (1-33%) but usually occurs
in uplands

UPL

Obligate Upland

Rarely is a hydrophyte (1%), almost always found in
uplands

NL*

Not Listed

Does not appear on the WIS plant list. UPL for
delineation purposes (Lichvar 2012)

*Category added by the author.

Reed Canarygrass Competition Survey
During the spring herbaceous plant survey, a colony of invasive Phalaris
arundinacea (reed canarygrass) was observed growing in near-monoculture on an
estimated 0.861 acres (0.349 ha) on Site Gamma. This raised concerns that competition
with the grass was inducing stress among the plantings in that area, which were primarily
Alnus incana subsp. rugosa and Salix discolor. Because the work plan's primary method
of controlling the grass was through biotic control – shading and competitive exclusion
by shrubs – it was determined that it would be necessary to evaluate the effect of
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competition on the shrubs.
In late July, six 17 ft (5.18 m) square plots were established in the area colonized
by Phalaris arundinacea. Three randomly-selected plots were mowed and every alder
within a two-foot buffer was marked; willows were not present in sufficient
concentrations for sampling. The longest stem of each individual was marked and
measured, along with spring-survey stressors and SPAD value. The plots were surveyed
again for the same parameters in late August.
To measure the initial Phalaris biomass in each plot, a hoop of 0.332 sq. m. was
placed on the center of the northern and eastern borders of each plot and all growth above
ground level was cut and dried in an oven for 48 hours, then weighed.
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Results

Phenology
Each site was sampled five times (Sites Alpha and Beta) or four times (Site
Gamma). Little variation was observed among species, except between Larix laricina and
the angiosperms. Slightly under half of Larix laricina individuals experienced vegetative
bud burst on or before the first day of observation, April 14th, and development was
steady over the course of the month, with most individuals exhibiting some activity by
the third observation period. In contrast, angiosperm bud burst was not recorded until a
week later than larch bud burst and did not exhibit much development until May, at
which point all species experienced relatively rapid leaf out. This is especially true for
Alnus incana subsp. rugosa, which showed very little activity in April but was virtually
complete by the end of May. General differences in timing and patterning were observed
on Site Gamma, where bud burst appeared to be delayed, although the lower frequency of
surveys on this site made it difficult to quantify. Selected species are presented here
(Figure 2 for Larix laricina, Figure 3 for Alnus incana subsp. rugosa). The remainder can
be found in Appendix F.
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Figure 2: Larix laricina phenology. Above: Site Alpha. Below: Site Beta
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Figure 3: Alnus incana phenology. Top: Site Alpha. Middle: Site Beta.
Bottom: Site Gamma
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Transect-Based Sampling
Mortality
Observed mortality rates were low during the spring survey (eight months after
planting) but increased considerably for some species during the autumn survey four
months later. The overall mortality rate at Site Alpha was 3.56% in the spring and
increased to 29.4% (spring included) in the autumn. At Site Beta, spring mortality was
1.00%, and the autumn mortality was 26.95%. At Site Gamma, mortality was 1.77% in
the spring and 3.43% in the autumn (Figure 4).

35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
0.00%
Alpha

Beta

Gamma

Figure 4 Average mortality rates for the three sites. Note that
these averages do not control for differences in sample size.
At Site Alpha, mortality was dominated by Acer rubrum (81.5% mortality, 51.9%
of total), Alnus incana subsp. rugosa (34.8% mortality, 18.9% of total), and Betula
populifolia (18.7% mortality, 11.0% of total). The largest contributors on Site Beta were
Acer rubrum (88.6% mortality, 79.5% of total), Salix discolor (25% mortality, 12.7% of
total), and Alnus incana subsp. rugosa (5.9% mortality, 4.8% of total). At Site Gamma,
the mortality rates for all common species were considerably lower than those of Site
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Alpha or Site Beta. Acer rubrum suffered 8.62% mortality, approximately a tenth that of
the other two groups; Alnus incana subsp. rugosa suffered 2.67%; and Salix discolor
experienced a mortality rate of 5.69% (Figure 5).

Figure 5: The mortality rates for each species observed at the three sites. Note that
Betula populifolia was absent from Site Beta and Site Gamma, Larix laricina absent
from Site Gamma, and Salix sericea absent from Site Beta.

Stress Indicators
Top Death

Plants that had incurred top death in the spring were more likely to be dead in the
autumn (Figure 6). The effect was strongest on Site Gamma, where Salix discolor
individuals that experienced top death had a mortality rate approximately 12 times greater
than individuals that did not (n = 19 with top death, n = 101 without). However, the effect
was less pronounced for Acer rubrum and Alnus incana subsp. rugosa, where both groups
experienced a similar mortality rate.
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Figure 6: Comparison of mortality rates for individuals that had
experienced top death (TPD) versus those that did not.
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Plot-Based Sampling

Mortality
In general the plot-based sampling repeated the pattern observed in the transectbased survey (Figure 7), although some species were excluded from the transect-based
survey, and the sample sizes differed between transects and plots. Site Alpha experienced
an overall mortality rate of 42.6%, Site Beta experienced 15.31%, and Site Gamma
experienced 6.69% mortality. At the species level this result is highly uncertain, as the
confidence intervals associated with many species are extremely wide due to lower
sample sizes (Figure 8). Comparisons of all individual species sample sizes are listed in
Appendix E.

Figure 7: Mortality rates observed during the plot-based survey for
each site.
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Figure 8: The plot and transect mortality rates at Site Alpha. Note that while in most
cases the observed mortality rates are similar, the confidence intervals of the plot
survey are considerably wider.

Density
The density estimates for each site, determined by the number of live woody
plants found in each plot, only partially indicated compliance with the work plan's
standards. Furthermore, they suggested that the sites were already close to their minimum
density requirement at the end of the first year. At the 95% percent confidence level, the
observed density at Site Alpha is not distinguishable from the required mimimum of 500
plants per acre. At Site Beta, there is some confidence that the observed density of 839
plants per acre is above the 500 plants per acre minimum requirement (0.10 > p > 0.05).
However, there is no confidence that the observed density is different from the original
density of 1064 plants per acre, despite the observed mortality rate of approximately 30%
(Figure 7). This absence of confidence implies a lack of sensitivity in the sampling
protocol. At Site Gamma, there is no confidence that the observed density of 1316 shrubs
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per acre observed is significantly different from the 1300 shrubs per acre required (Figure
9).

Figure 9: Density estimates for all sites

Growth

Diameter Measurements
All species except Acer rubrum, which was removed from the study because high
mortality rates lead to sample sizes too small for statistical analysis, exhibited measurable
increases in mean stem diameter (Table 10). However, high rates of top death among
some species disrupted some results. A large number of Alnus incana subsp. rugosa had
to be removed from all samples due to loss of the measuring stem. Larix laricina
experienced the highest gains in diameter, averaging 2.65 ± 1.33 mm SD on Site Alpha
and 5.39 ± 1.85 mm on Site Beta. At both sites, this increase was significantly higher than
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that of all other species (one-factor ANOVA, p < 0.01 for both sites). The difference
between the two populations of larches was also significant (p < 0.01), suggesting better
growing conditions on Site Beta (Figure 10).

Figure 10: Comparison of Larix laricina diameter growth on Site Alpha and Site Beta

Other species were more variable. Alnus incana subsp. rugosa was lowest of all
plants on Site Alpha, at 0.4 ± 1.3 mm (n = 11) but highest of all plants on Site Gamma, at
3.2 ± 2.0 mm (n = 16). The lowest average increase belonged to Salix discolor, which
averaged 1.0 ± 0.7 mm on Site Alpha (n = 23), 1.35 ± 2.0 mm (n = 22) on Site Beta, and
0.833 ± 0.9 mm, n = 16) on Site Gamma.
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Table 10: Diameter growth for all species. P < 0.05 for all lettered groups.
Diameter Growth (mm ± SD)
Species

Site Alpha

Site Beta

Site Gamma

Alnus incana subsp. rugosa

0.4 ± 1.3a,d

1.7 ± 1.5b,d

3.2 ± 2.0c,d

Cornus amomum

0.8 ± 0.9a,e

1.6 ± 1.3b,e

Larix laricina

2.7 ± 1.3a,f

5.4 ± 1.9b,f

Salix discolor

0.9 ± 0.8a

1.4 ± 2.0b

Salix sericea

1.7 ± 1.0a

0.8 ± 0.9c
2.05 ± 1.3c

Stem Elongation
Patterms of stem elongation did not repeat patterns of diameter growth. Although
stem elongation was also highest among larches, alders were second highest on Sites
Alpha and Beta and highest on Site Gamma, suggesting that alder growth during the
growing season may have emphasized producing new shoots over enlarging older ones
(Table 11). One-way ANOVA suggests significant differences among the three sites (p =
0.0104), indicating that Site Gamma was better for alders than Site Alpha or Site Beta. In
terms of the control populations, Cornus amomum appeared to be growing better on all
sites than it did in the nursery situation. Growth for Salix discolor, however, was
significantly higher in the nursery.
Few plants in all samples produced branches, and so the differences between
mean main stem elongation and mean total stem elongation (elongation main stem and all
associated branches) were generally small; however, the standard deviations of most
samples were much larger for total stem elongation than for main stem elongation,
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resulting in a loss of statistical significance in some comparisons (Table 12). One species,
Cornus amomum did not have a significant difference between site samples in the main
stem survey, but did in the total stem survey. Alders exhibited a contrary effect.
Table 11: Main stem elongation for all species. Lettered groups as above.
Stem Growth (cm ± SD)
Species

Site Alpha

Site Beta

Site Gamma

Alnus incana subsp.
rugosa

34.9 ± 12.4a,d 25.2 ± 17.1b,d 42.3 ± 10.4c,d

35.7 ± 12.9

Cornus amomum

8.0 ± 6.2a,f

5.08 ± 2.3*f,g

Larix laricina

33.1 ± 13.3a 40.0 ± 16.4b

Salix discolor

5.9 ± 2.4a,e,h

Salix sericea

17.5 ± 9.1a

13.3 ± 11.0b,g
6.2 ± 4.4b,e,i

Control

40.9 ± 17.0
12.1 ± 8.3c,e,j

44.4 ± 9.0h,i,j

19.8 ± 11.0c

*Species used was Cornus sericea

Table 12: Stem and branch elongation of all species. Controls were omitted because little
branching was observed.
Stem Growth (cm ± SD)
Species

Site Alpha

Site Beta
a

Site Gamma
b

Alnus incana subsp. rugosa

34.9 ± 12.4

34.3 ± 30.4

Cornus amomum

9.1 ± 6.7a,d

15.0 ± 12.7b,d

Larix laricina

42.1 ± 26.5a

48.1 ± 30.5b

Salix discolor

6.0 ± 2.4a,e

6.4 ± 4.5b,e

Salix sericea

20.9 ± 12.4a

52.8 ± 20.8c

12.1 ± 8.3c,e
21.3 ± 13.4c

Survey of Plant Vigor, Stress, and Competition
SPAD Ratings
Four species were tested for SPAD score: Alnus incana subsp. rugosa, Cornus
amomum, Salix sericea, and Salix discolor, with Acer rubrum excluded due to low sample
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size and Larix laricina excluded because it was not possible to accurately record SPAD
score. The majority of the SPAD scores for all plants were in the upper 50th percentile of
the scale range (Figure 11). Differences among species means were relatively minor,
ranging from 30.7 to 34.6, although ANOVA suggests significant variation (p < 0.01).
There was little correlation between individual SPAD scores and individual condition
scores, however, there was a strong correlation between SPAD score and condition score
at the species level (Figure 12). No correlation between SPAD score and stem elongation
was observed.

Figure 11: Histogram of the compiled SPAD scores
across all three sites.

42

Figure 12: Comparison of mean SPAD score and mean condition
score for the four species tested. Error bars represent the standard
error.

Condition Scores
Across all sites, the majority of species' average condition scores were below 2,
where 2 is considered the threshold for remediation. The remaining species were between
2 and 3, with only Larix laricina on Site Beta scoring above 3, indicating adequate to fair
growth on a majority of individuals. Significant differences were observed in average
growth across condition classes (Figure 13), but this result became less obvious when
individual species were separated from one another and mean condition score was
compared with mean stem elongation (data not shown).
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Table 13: Mean condition scores across all species for each site.
Species

Site Alpha (± SD) Site Beta

Site Gamma

Acer rubrum

0.27 ± 0.40a,d

0.17 ± 0.53b,d

1.03 ± 0.49c,d

Alnus incana subsp. rugosa 1.36 ± 1.26a,e

1.99 ± 0.89b,e

2.64 ± 0.82c,e
1.59 ± 0.73c,f

Betula populifolia

1.77 ± 1.20a

Cornus amomum

1.98 ± 1.00a,f

2.10 ± 0.56b,f

Larix laricina

2.94 ± 1.52a,g

3.53 ± 0.91b,g

Salix discolor

1.61 ± 1.03a,h

0.89 ± 0.58b,h

Salix sericea

2.2 ± 1.1a

1.60 ± 0.76c,h
2.36 ± 0.70c

Figure 13: Stem elongation for all plants at Site Alpha compared with condition
score.

Competition with Grasses
Competition with grasses and herbs did not appear to significantly impact stem
growth; of all species tested, only Larix laricina consistently showed a difference
between dominant and suppressed individuals. For Site Alpha, the mean stem elongation
of the dominant plants was 19.3 cm with a standard deviation of 15.0 cm. The mean of
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the suppressed plants was 20.2 cm with a standard deviation of 17.5 cm (Figure 14). The
difference between the two means was not significant for α = .05 (p = 0.378). For total
stem (stem and branch) elongation, the mean was 23.53±22.6 cm for the dominant plants,
21.3±18.2 cm for the suppressed plants (p = 0.275). Individual species were also tested.
Only one of four, Larix laricina was significant for both the main stem elongation and
total stem elongation (p = 0.00859 and p = 0.0117). The averages for the main stem
elongation were 39.9±11.3 cm and 27.6±11.4 cm for dominant and suppressed plants
respectively. Two species, Acer rubrum and Salix sericea were untestable owing to an
insufficient overall sample of the former and an insufficient number of suppressed plants
for the latter.

Figure 14: Comparison of stem elongation (cm) for dominant and
suppressed species at Site Alpha
At Site Beta, the mean of the dominant plants was 25.3±21.4 cm. The mean of the
suppressed plants was 18.7±13.5 cm (Figure 15). The difference between the two means
was significant for α = 0.05 when comparing both the main stem elongation and total
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stem elongation (p = 0.0287 and p = 0.0208). The only individual species that had a
statistically significant difference was Larix laricina (p = 0.0384 and p = 0.00896).
Cornus amomum could not be tested due to a lack of dominant individuals.

Figure 15: Comparison of mean stem elongation (cm) of dominant
and suppressed plants at Site Beta
At Site Gamma, the mean elongation of the main stem was 24.9±14.5 cm, and the
mean of the suppressed plants was 27.3±17.1 cm (p = 0.264) (Figure 16). An additional
test was performed where individuals that had experienced top death were removed under
the rationale that growth was primarily from stored nutrients rather than from de novo
photosynthate production during the growing season. This resulted in adjusted means of
22.8±12.9 cm and 17.0±10.5 cm for dominant and suppressed plants, respectively.
However, the results were still not statistically significant (p = 0.0544).
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Figure 16: Comparison of stem elongation (in cm) of dominant and
suppressed plants at Site Gamma

Reed Canarygrass Competition Survey
In order to address concerns regarding the impact of Phalaris arundinacea stands
on shrub growth, plots were prepared and mowed in mid-July. Alders were grouped in
four categories on two axes: suppressed or dominant and mowed (experimental) or
unmowed (control). Stem length was measured in the summer and again in the autumn
one month after mowing. Although statistics indicated that all plants had experienced
definite increases in stem length, competition with reed canarygrass did not produce a
noticeable effect.
No significant differences in the aboveground biomass of Phalaris arundinacea
on mowed versus unmowed plots were found. Biomass levels ranged from 338 g/m2 to
868 g/m2, averaging 637 g/m2 on the mowed plots and 421 g/m2 on the unmowed plots
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(Figure 10). These measurements are lower than other experimental reports of P.
arundinacea biomass; for example, Iannone et al. (2008) reported biomass ranging from
840 g/m2 to 1100 g/m2 on test plots in Minnesota. Potential reasons for this discrepancy
are saved for the discussion section.

Figure 17: Reed canarygrass biomass compared between the experimental and
control plots.
In the autumn survey a month after mowing, all groups of plants experienced a
statistically significant increase in stem length relative to their summer measurements.
However, the difference in elongation between control and test plants was insignificant
(Table 14). Comparing proportional increase rather than absolute increase yields similar
results (data not shown). The differences in SPAD scores were also insignificant. All
groups produced high scores (~80th percentile of the range) consistent with good
condition (Table 14).
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Table 14: Stem measurements and SPAD scores across the two test and two control
groups. P < 0.01 for lettered pairs.
Pretreatment Elongation (cm Growth Increment
±SD)
July-Aug. (cm)

SPAD

50.0 ± 10.5a

3.0 ± 2.4

41.2 ± 3.6

46.0 ± 8.6

4.0 ± 3.5

42.7 ± 2.5

Suppressed

39.2 ± 8.1a

1.91 ± 2.7

39.8 ± 4.0

Dominant

38.0 ± 8.1b

2.44 ± 1.7

42.2 ± 3.1

Control
Suppressed
Dominant

b

Treatment (Mowed)

Soil Surveys
Nutrients
All three sites were found to be enriched relative to a typical working field in
mineral nutrients, including phosphorus, calcium, magnesium, sulfur, iron, manganese,
and zinc. Furthermore, comparison with known soil nutrient profiles in Maine (Fernandez
2008) showed significantly higher concentrations of phosphorus on Sites Alpha and Beta
than is typical for a hardwood forest (Table 15). The pH was also slightly basic on Site
Alpha and Site Beta (7.6 and 7.1, respectively). Complete reports, as prepared by the
University of Maine Soil Testing Service, are located in Appendix D.
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Table 15: Comparison of observed phosphorus concentrations with
mean phosphorus concentration in a Maine hardwood forest.
Mass of Phosphorus Per Unit Area (kg/ha)
Hardwood Forest

Site Alpha

Site Beta

Site Gamma

12*

69.5

39.8

5.5

*As found in the mineral horizons.

Soil Aeration Survey
For the months of July and August, the depth of oxidizing conditions on all sites
exceeded the depth of insertion of the test rods and so analysis of these time periods is
not possible. Thus, the tests focus on three periods: the month of April, the month of
June, and mid-September through the end of October (the autumn period).
During the three wet periods, the depth to transition between oxidizing and
reducing conditions ranged from 167.8 mm to 24.4 mm, with saturation levels highest on
Site Gamma (Table 16). Site-wide comparison tests suggest that Site Alpha was
superficially drier than Site Beta or Site Gamma (Table 16).
Table 16: Mean depth to transition for each site and time period tested for differences.
Time Period

Site Alpha mean Site Beta mean
depth (cm, ±SD) depth

Site Gamma
mean depth

p

April

16.8±6.2

5.8±5.5

3.9±2.5

< 0.01

June

15.6±6.4

5.7±35

6.1±3.5

< 0.01

Autumn

16.1±6.0

4.3±4.0

2.4±1.6

< 0.01

50
Free Water
Free water monitoring began on June 25th, and data were unavailable for portions
of July (for Site Beta) and August (Site Alpha, Site Beta, and Site Gamma) due to the
seasonal dry period. Statistical tests were performed for the July measurements and the
September-October (Autumn) measurements (Table 17).
Table 17: Site comparisons of depth to free water for the two periods where data were
available
Time Period

Site Alpha Mean Site Beta Mean
Depth (cm,
Depth
±SD)

Site Gamma
Mean Depth

p

July

45.3±6.7

46.1±8.1

46.0±5.2

0.97

Autumn

15.9±11.2

30.6±17.2

19.5±10.2

0.22

Herbaceous Plant Establishment
Results of Site Surveys
On all sites, ruderal FAC and FACU plants vigorously established and colonized,
whereas FACW and OBL plants were less abundant. FAC and FACU abundances were
particularly high on Site Beta and Site Gamma, where small numbers of species were
present in high numbers. Common species on each site included Tripleurospermum
maritimum (FAC), Trifolium spp. (particularly T. repens and T. pratense, both FACU),
and Rumex crispus, Rumex longifolius, and Rumex obtusifolius (FAC). The number of
native FACW or OBL species generally comprised a small proportion of the samples,
with Polygonum sagitattum the most abundant, although it was found solely on Site
Gamma.
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OBL
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1%
21%
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FAC
FACW
OBL

28%

36%

Figure 18: Relative proportions of species (above) and cover
(below) for all WIS categories on Site Alpha
At Site Alpha, eight (20%) of the total species were classified as FACW or OBL,
and 23 (58%) of the species were classified as FACU, UPL, or NL. Abundances generally
matched species distributions, with FACU, UPL, or NL growing in densities of 1100
stems/acre (49%) and FACW or OBL growing in densities of 355 stems/acre (15%)
(Figure 18).
At Site Beta 21 (60%) of species were FACU, UPL, or NL, comprising 38% of
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the total density (1710 stems/acre). OBL and FACW species represented 15% of total
diversity (5 species) and 5% of the total abundance (245 stems/acre) (Figure 19). The site
was largely dominated by a small number of FAC species, including Tripleurospermum
maritimum and Barbarea vulgaris, which together accounted for approximately 37% of
the total density.

6%
9%

23%

26%

UPL/NL
FACU
FAC
FACW
OBL

37%

12%

2% 3%
UPL/NL
FACU
FAC
FACW
OBL

26%

56%

Figure 19: Relative proportions of species (above) and cover
(below) for all WIS categories on Site Beta
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At Site Gamma, 11 (46%) of the species were FACU, UPL, or NL. FACU species
represented 62% of the total cover, largely due to Trifolium spp., which had a density of
3014 stems/acre, approximately 51% of the total. FACW and OBL species represented
28% of the total species richness (seven species) and 16% of the total cover (Figure 20).

21%

21%

8%

UPL/NL
FACU
FAC
FACW
OBL

25%
25%

8%

15%
1%

13%

UPL/NL
FACU
FAC
FACW
OBL

62%

Figure 20: Relative proportions of species (above) and cover
(below) for all WIS categories on Site Gamma
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Inter-site variations were tested with one-variable ANOVA using each transect as
a sample and expressing plant densities in terms of stems/100 sq ft. Average total
densities were much lower on Site Alpha than for the other two sites, and Site Gamma
tended to have the highest densities in each category. Average total densities were 4.81 at
Site Alpha, 11.5 at Site Beta and 12.8 at Site Gamma (p = 0.0135). Densities of OBL
species were highest at Site Gamma (2.77 versus 0.045 and 0.25 at Site Alpha and Site
Beta, respectively; p = .0378), although densities of FACW plants were relatively equal
(p = 0.106). Site Gamma also had the highest density of FACU species (7.25 versus 1.67
and 3.49 for Site Alpha and Site Beta; p = 0.0234), but Site Beta had the highest density
of UPL/NL species (Site Alpha, 0.95; Site Beta, 2.9; Site Gamma 0.80; p = 0.025).

Transect-based Survey versus Meander Survey
The transect-based survey found a much higher number of herbaceous species
than the meander survey called for in the work plan. The overlap between the two was
nearly complete – almost all species found on the meander survey were also observed by
the transect survey. A total of 51 species in 44 genera were identified across the three
sites during the transect survey; 40 species were observed on Site Alpha, 37 on Site Beta,
and 25 on Site Gamma. The meander surveys found 20 species of dicots (one of which
was not observed on the transect survey) on Site Alpha, 16 species of dicots (all observed
on the transect survey) on Site Beta, and 15 species of dicots (all observed on the transect
survey) on Site Gamma (Appendix C).
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Discussion
The purpose of this investigation was to apply multiple ecological metrics to
assess the apparent success or failure of a wetland restoration project during the first year
of a five-year monitoring period. In terms of establishing suitable edaphic conditions and
hydrologic indicators, the restoration was partially effective. Results tentatively suggest
that all sites met the USACE's hydric soil standard of 14 consecutive days during the
growing season with a water table of no more than 12” (30.5 cm) below the surface.
Furthermore, evidence suggests that surface soils remained saturated long after water
table subsidence during the early portion of the growing season, with the depth to
transition from oxidizing to waterlogged reducing conditions less than or equal to 6.6”
(16.8 cm) for the months of April and June. However, soil organic matter contents at all
sites were less than 5%, much lower than the 20-30% level expected in a typical wetland
soil (Alsfeld et al. 2009). Concentrations of mineral nutrients were also higher than
expected.
In addition, ecological indicators partially contradict hydrologic conditions. On all
sites, establishment of upland-associated plants was more vigorous than establishment of
hydrophytes, suggesting that soil conditions were initially dry. Potential confounding
factors that may have produced this observation include contaminated fill or equipment,
distance from hydrophytic seed sources, or early establishment of non-hydrophytic plants
during the 2011 growing season.
Mortality observations suggest that many of the planted species are not tolerating
existing site conditions. Aggregate mortality at Site Alpha and Site Beta were both too
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high to be sustainable over the course of the monitoring period, primarily due to the
significant loss of red maple (~80%), alder (35% at one site), and willow (25% at one
site). Although all sites were significantly overplanted relative to their final density
standards, both in terms of species and numbers of individuals, observations suggest that
the sites are already near their target densities, indicating the need for remediation.
Growth metrics based on stem elongation and diameter growth generally indicate
good performance among surviving shrubs. Relative to other studies on plants in natural
situations, diameter growth was acceptable or better among most species. For example,
Pitt et al. (2011) observed average diameter increases of 2-3 mm per year in white pine
growing in untreated plots; most samples paralleled or exceeded this increase, although a
small number grew an average of less than 1 mm. Likewise, height increases ranged from
6 cm to over 40 cm, sufficient to reach the minimum height standard of 45 cm in five
years given the preinstallation growth. The only observed species where performance was
lacking was Salix discolor, which, having substantial morbidity, grew considerably less
than the control sample. Surprisingly, despite competition with grasses, stem elongation
was largely similar to a control group grown in a competition-free environment. Although
it is probable that the reed-canarygrass-based portion of the experiment did not occur
over a period of time long enough to produce substantial differences, other portions of
this project indicate that competition had a minimal impact.
In terms of phenology, timing of bud break and phenophase progression to some
degree presaged performance during the growing season. Larches were the earliest to
produce leaves, grew the most, and had the highest condition scores at the end of the
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growing season. However, timing of bud break did not appear to be indicative of
performance among angiosperms.
Of the other impacts to vigor that were explored, only top death was noted as
having a major influence on mortality. Multiple factors could have contributed to the loss
of apical buds, including root damage and loss of stored nutrients, genotype (Dibello
2012), or freeze-thaw cavitation, and it is not entirely clear what was responsible for the
observed morbidity. Further exploration of this phenomenon might help prevent future
plant losses.
It was hypothesized, especially given the burgeoning deer population on Marsh
Island, that deer browse could contribute to mortality. However, no relationship between
deer browse and mortality was observed; in fact, one of the most heavily browsed species
(Salix sericea, which experienced browse rates of 98%) had the highest survival. While
deer browse will probably be a concern vis-a-vis the height requirements of the work
plan, it does not appear that current deer control measures are either effective or
necessary, at least in this regard.
Furthermore, although high rates of putative viral infection were observed on
dogwoods, which resulted in reddening of the leaves and bark mottling, growth this year
did not appear to be significantly impacted. However, this is something that should be
followed in future growing seasons, as the infection may eventually result in vegetation
overtake and mortality, as well as harming any dogwoods introduced as part of a remedial
effort.
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Causes of Mortality
The three sites saw substantial differentials in performance, especially among red
maple and speckled alder, both of which did poorly on one site (alder) or two (maple)
sites but relatively well on the remaining site(s). Thus, although stock quality may have
been contributory to mortality, it is probable that there are additional contributors. For red
maple, which had a low mortality rate on Site Gamma but high mortality rates on Site
Beta and Site Alpha, moisture regime and competing vegetation probably influenced
mortality, as the maples at Site Gamma were planted on the ostensibly drier and less
vegetated upland buffer. Although red maple has been found growing in a wide variety of
moisture regimes (Abrams 1998), Barry et al. (1996) note that in wetlands, red maples
typically grow on the mound summits and have shallow root systems in order to limit
exposure to anoxic conditions. They suggest that in a restoration project, mound summits
should be 60 cm higher than the pit bottoms (although Blood and Titus [2010] found
much lower elevations in natural areas). In this project, the mounds were 6 – 8 in (15.25
to 20.3 cm) above the restored grade and 2-4 in (5.1 to 10.2 cm) above the pits (Stantec
2010). It is possible that prevalence of anoxic conditions in the spring may have harmed
the roots and prevented full bud burst in the spring, followed by overtake by grasses,
resulting in an inability to maintain living tissue and subsequent death. Alternatively, the
observed tendency of the trees to flush from only the basal buds was attributed to
genotype by Dibello (2012).
As for the discrepancy between alder survival on Site Gamma and Site Beta
versus Site Alpha, it is probable that the hydrology played a role. Hughes et al. (1997)
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found that Alnus incana seedlings subjected to rapid water table decline experienced high
mortality rates. Because Site Alpha appeared to be relatively better drained than Site Beta
and Site Gamma as shown by the reduced surface saturation but similar free water
conditions, it is probable that the faster drawdown in soil saturation between the spring
and the summer months contributed to mortality rates, especially given the limited
rhizosphere of transplants. Due to the small number of surveys, however, this conclusion
can only be speculative. More surveys conducted more frequently would have been
beneficial for fixing the approximate time of mortality.
Evaluating the Work Plan
As predicted, the work plan's plots did not produce sample sizes large enough to
draw conclusions regarding the survival rates of a large number of plant species, with
sample sizes as low as two individuals of a species on one site. In terms of the work
plan's compliance standards, which required plantings to achieve a certain density at each
site rather than a certain survival rate, the first year monitoring results suggest that
observed survival was adequate (i.e., the density standards for each site were, with
reservations, met). However, the plots' density calculations were very imprecise,
indicating that it will be difficult to demonstrate compliance if observed densities begin to
approach or fall below the required densities in subsequent years.
In terms of invasive species control, the work plan's standards do not appear to be
realistic given the observed extent of invasive species on Site Gamma. The requirement
of no monotypic stands of more than 500 sq. ft. (46.5 sq. m.) of any invasive species at
the end of the monitoring period does not appear to be achievable given the current level
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of reed canarygrass control. A number of studies, summarized in Table 18, has shown that
the most effective management options are generally not viable for an area with plantings
that require preservation. A best case scenario puts eradication in the range of 2-3 years,
although this management effort will be extremely costly and labor intensive if pursued
on the 0.86-acre stand of reed canarygrass on Site Gamma. Such an effort would also
increase the difficulty of meeting the other restoration goals, as it would require at least
partial destruction of the plantings. While the long-term control strategy involves
allowing the plantings to competitively exclude invasive species, eradication by this
method will probably not occur within the 5-year monitoring period. Kim et al. (2006)
experienced 68% reductions in Phalaris cover over a 2-year period using willow staking,
but at densities an order of magnitude higher than that of the original plantings. Thus, the
work plan may be overly ambitious in this area.
At the same time, the plantings do not appear to be aversely affected by the reed
canarygrass, suggesting that its presence will not harm the vegetation performance goals
of the work plan. In addition, the reduced biomass observed on Site Gamma versus other
reed canarygrass control projects suggests that this infestation might be reduced or
eradicated in a shorter time period relative to other research projects. The lower levels of
biomass may also be due to oat crown rust (Puccinia coronata), a stem rust of grasses
which extensively attacked reed canarygrass stands on Marsh Island during the summer.
As biological control has not been investigated in canarygrass, this is a promising avenue
for further research.
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Table 18: Summary of reed canarygrass eradication strategies.
Method

Time To Eradication

Source

Annual burnings

5-6 years or ineffective

Lavergne and Molofsky
(2006), Kettenring and
Adams (2011), Adams and
Galatowitsch (2005)

Mowing and covering

>2 years (seed bank not
effectively eliminated)

Lavergne and Molofsky
(2006)

Glyphosate

1 year / 3 years

Adams and Galatowitsch
(2005), Lavergne and
Molofsky (2006)

Sethoxydim

∞ (Plants developed
resistance)

Healy and Zedler (2010)

Biotic Control

Unsuccessful after 3 years

Wilcox et al. (2007)

In addition to the invasive species requirements, the work plan's herbaceous plant
monitoring requirements do not appear to be effective. The sampling periods of the plot
survey occur before a number of short-lived annuals sprout or become identifiable and
then after they senesce, and the meander survey did not observe a substantial number of
species captured by the transect surveys and was largely confined to plants that had been
sown on the site.
These plants are important, as floristic quality is a common, if diversely applied
measure of wetland restoration (USACE 2009, Balcombe et al. 2005, Matthews and
Endress 2008, Bried and Edinger 2009, Lopez and Fennessy 2002). While many
researchers have noted – mostly drawing on NRC (2001) – that plant assemblages are not
an accurate proxy for the recovery of certain wetland functions, sampling should continue
so that the value of each site in terms of wildlife habitat can be determined. Additionally,
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Matthews and Endress (2008) have observed that the flora of constructed wetlands often
simplify over time as invasive species spread onto the site, and so detailed monitoring
data would help identify that trend.

Growth Metrics
This study demonstrated the validity of human judgment in assessing plant
condition, as condition scores appeared to be modestly reliable proxies for both stem
elongation and SPAD score, although condition scores appeared to be slightly more
pessimistic and were only useful when assessing the site average of a given species.
Given the time and labor available to this project, mean condition score therefore appears
to be a good indicator of whether or not remediation is necessary. However, it should be
noted that stem elongation and condition scores differ in that the former is an average
value of condition across the growing season whereas the latter is instantaneous.
Condition scores and stem measurements could thus be synergistically used to estimate
when stress occurred in the growing season if more frequent surveys are not used.
The SPAD score is probably not useable alone as an indicator of condition without
modification to the sampling protocol or calibration of the scale, because most of the
results fell in the upper 50% of the meter's range despite obvious indicators of poor
condition (heavy insect damage, leaf discoloration, poor growth, or water stress) in some
populations (notably Salix discolor). The sampling protocol probably contributed to this
phenomenon – the emphasis on healthy leaves in order to achieve consistency
undoubtedly led to inflated readings relative to a random sampling protocol. As with the
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condition scores, SPAD is probably best used to evaluate the population of a site as a
whole in order to decide on a course of remediation. Based on the results presented here,
an average result of less than 35 units using the sampling protocol devised for this project
suggests remediation is probably necessary.
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Conclusion
This project has identified several factors that may contribute to a failure to
produce a properly restored wetland, most of them vegetative. While analysis of
hydrology suggests that water regime is sufficient to classify all sites as wetlands,
hydrology may have contributed to mortality on two of the sites. Furthermore, the
nutrient regimes of all sites are not consistent with forested soils, and a significant shift in
nutrient status may also have contributed to woody plant mortality. In addition, using
mortality rate as an indicator was complicated by small populations of some species,
which led to the interpretation of numerically small losses as high mortality rates.
Because it not reasonable to assume adequate survival under these conditions, it is
probably inadvisable to use nursery stock as a primary strategy for meeting a restoration
project's revegetation requirements.
A second factor observed during this study that may contribute to the failure of a
wetland restoration is differences between the plans as written and as built. Substitution
of both planted and seeded species, resulting in some loss of diversity, failure to
implement invasive species control before planting installation, and low organic matter
content of installed topsoil were all observed divergences from the work plan's
requirements during the project. Although the overall impact on the project due to these
changes cannot be quantified, they demonstrate the difference between ideal and feasible
wetland restorations. Work plans do not appear to acknowledge the possibility that
potentially harmful (or, at the very least, confounding) compromises are possible in the
course of a wetland restoration.
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Finally, this project shows that the data produced by the sampling protocol
designed for the project by Stantec is insufficient to determine success or failure, or
whether or not remediation is necessary. An alternative sampling protocol was necessary
in order to produce results that were more definite. However, the transects had a major
shortcoming in that they took considerably longer than the plots to survey, and were often
prone to delay due to the loss of plant tags or other factors. The transects were ultimately
resource-intensive, and they cannot produce complete data on site conditions without
multiple workers. Thus, it may be preferable to focus on improving the design of the plot
surveys. Additional plots should be placed in each site, and survey frequency should be
increased in order to assess changes in planting condition over the growing season, to
analyze the presence of short-lived annuals, and to monitor changes in water table level
and surface saturation. Further monitoring without making changes to the work plan is
not reasonable, as (legal agreements notwithstanding) it is simply not possible to prove
with statistical relevance that the requirements of the work plan are being met. It is
possible that statistical relevance may be attained over the course of the monitoring
period if plant densities within the plots become homogenous as mortality rates stabilize
and volunteer species begin to establish; however, this cannot be assumed based on the
results of the first year survey.
These results and others suggest that the “no-net-loss” policy of the Clean Water
Act is presently poorly administered. While many experimental wetlands have recovered
function in a relatively short period of time (Ahn and Dee 2011, Weaver et al. 2012), only
requiring permittees to restore areas of approximately the same size as those impact will
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result in a net loss of wetland function even with a high degree of compliance. It may be
necessary to increase the area requirement to compensate for both on- and off-site losses
of function. Permittees may object on economic grounds to these higher requirements,
but it is reasonable to conclude that disincentives to develop wetlands will result in better
adherence to the “no-net-loss” policy than the present permitting system.
It is also inadvisable to allow impacts to occur under the “no-net-loss” policy if
the present level of knowledge is not capable of fully restoring impacted wetlands.
Impacted wetlands may be subject to the “Anna Kerenina principle” (sensu Diamond
1999), i.e., every impacted wetland is “unhappy in its own way” and thus requires a
customized set of criteria in order to evaluate it. However, without some way of
generating both realistic and consistent process or standards (so that the restoration
project can be judged against other local successes and failures), it is probable that
wetland losses will continue.
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Appendices

A1

Appendix A
Site Maps and Locations

A2

Figure 1: Location of Site Alpha. Image from Google Earth.

A3

Figure 2: Locations of Site Beta and Site Gamma. Image from Google
Earth

A4

Figure 3: Map of Site Alpha showing transect, plot, and monitoring well locations (from
Burman 2013)

A5

Figure 4: Map of Site Beta showing transect, plot, and monitoring well locations (from
Burman 2013)

A6

Figure 5: Map of Site Gamma showing transect, plot, and monitoring well locations
(from Burman 2013)

B1

Appendix B
Maps of Transect-Based Survey Samples

B2

Illustration 1: Alpha / Acer rubrum. A black border indicates a dead
individual. Fall mortality is shown here.

Illustration 2: Alpha / Alnus incana subsp. rugosa

B3

Illustration 3: Alpha / Betula populifolia

Illustration 4: Alpha / Cornus amomum

B4

Illustration 5: Alpha / Larix laricina

Illustration 6: Alpha / Salix discolor

B5

Illustration 7: Alpha / Salix sericea

B6

Illustration 8: Beta / Acer rubrum

Illustration 9: Beta / Alnus incana subsp. rugosa

B7

Illustration 10: Beta / Cornus amomum

Illustration 11: Beta / Larix laricina

B8

Illustration 12: Beta / Salix discolor

B9

Illustration 13: Site Gamma lower portion / Acer rubrum. Note that “lower portion”
denotes the first 10 transects going from right to left, “upper portion” the last three.

Illustration 14: Site Gamma lower portion / Alnus incana subsp. rugosa

B10

Illustration 15: Site Gamma lower portion / Cornus amomum. Upper portion inset.

Illustration 16: Site Gamma lower portion / Salix discolor

B11

Illustration 17: Site Gamma lower portion / Salix sericea

B12

Illustration 19: Site Gamma upper portion /
Acer rubrum

Illustration 18: Site Gamma upper portion /
Alnus incana subsp. rugosa

B13

Illustration 21: Site Gamma upper portion /
Salix discolor

Illustration 20: Site Gamma upper portion /
Salix sericea

Appendix C
Complete List of Herbaceous Species Observed

C2
Family

Genus/Species

Aceraceae

Acer rubrum L.

Apiaceae

Daucus carota L.

X

X

Asteraceae

Arctium minus Bernh.

X

X

Artemisia vulgaris L.

X

Boltonia asteroides (L.) L'Her.

X

Cirsium arvense (L.) Scop.

X

X

Cirsium vulgare (Savi) Ten.

X

X

Conyza canadensis (L.) Cronquist

X

Leucanthemum vulgare Lam.

X

X

Solidago rugosa Mill.

X

X

Taraxacum officinale F.H. Wigg

X

Tanacetum vulgare L.

X

Tripleurospermum maritimum (L.)
W.D.J. Koch

X

X

Tussilago farfara L.

X

X

Balsaminaceae

Impatiens capensis Meerb.

X

X

Boraginaceae

Myosotis scorpioides L.

Brassicaceae

Barbarea vulgaris W.T. Aiton

X

X

Rorippa palustris (L.) Besser

X

X

X

X

X

X

Caryophyllaceae Stellaria graminea L.
Cyperaceae

Site Alpha

Site Gamma
X

X

X
X

X
X

Carex lurida Wahlenb.
Carex scoparia Schkuhr ex Willd.

Site Beta

X
X

X

Carex vulpinoidea

X

Scirpus atrovirens Willd.

X

Equisetaceae

Equisetum sylvatiucm L.

X

Fabaceae

Medicago lupulina L.

X

X

Melilotus officinalis (L.) Lam.

X

X

Trifolium aureum Pollich

X

X

Trifolium repens L.

X

X

X

Trifolium pratense L.

X

X

X

Vicia cracca L.

X

X

X

Vicia tetrasperma (L.) Schreb.

X

C3
Geraniaceae

Geranium bicknellii var. bicknellii
Britton.

X

X

Juncaceae

Juncus canadensis

X

X

Lamiaceae

Juncus effusus

X

Galeopsis bifida Boenn.

X

Lycopus rubellus Moench

X

X

Lemnaceae

Lemna minor L.

X

Lythraceae

Lythrum salicaria L.

X

Adjacent

Malvaceae

Malva moschata L.

X

X

Oxalidaceae

Oxalis stricta L.

X

X

Plantaginaceae

Plantago major L.

X

X

Poaceae

Agrostis perennans (Walter) Tuck.

X

X

Agrostis scabra Willd.

X

X

Alopecurus pratensis L.

X

X

X

Echinochloa muricata (P. Beauv.)
Fernald

X

Elymus riparius

X

Elymus virginicus

X

Panicum virgatum

X

X

X

Phalaris arundinacea L.

X

X

X

Phleum pratense L.

X

X

X

Poa pratensis L.
Polygonaceae

X

X

X

Fallopia convolvulus L.

X

Persicaria maculosa L.

X

Persicaria pensylvanica (L.) Small

X

X
X

Polygonum ramosissimum Michx.

X

Polygonum sagitattum L.

X

Rumex crispus L.

X

X

Rumex longifolius DC.

X

X

Rumex obtusifolius L.

X

X

Ranunculaceae

Ranunculus acris L.

Rhamnaceae

Frangula alnus Mill.

X

Rosaceae

Potentilla norvegica L.

X

Rosa multiflora Thunb.

X

X

X

X

X

X

C4
Spiraea tomentosa L.

X

Rubus spp.

X

Scrophulariaceae Verbascum thapsus L.

X

X

Solanaceae

Solanum dulcamara L.

X

X

Typhaceae

Typha latifolia L.

X

X

X

Appendix D
Soil Nutrient Surveys

D1

D2

D3

Appendix E
Comparison of Plot and Transect Sample Sizes

E1

Site Alpha
Species

Site Population Plot Sample Size Transect Sample Size

Abies balsamea

300

31

-

Acer rubrum

300

41

81

Alnus incana subsp. rugosa 90

9

69

Betula alleghaniensis

80

3

-

Betula populifolia

200

17

75

Betula spp.*

-

5

-

Cornus amomum

50

15

46

Ilex verticilata

47

6

-

Larix laricina

100

6

73

Salix bebbiana

90

9

-

Salix discolor

50

2

43

Picea mariana

50

1

-

Salix sericea

90

16

45

Thuja occindentalis

50

3

-

Viburnum dentatum

47

6

-

*Species was unidentifiable due to the absence of leaves.

E2
Site Beta
Species

Site Population Plot Sample Size

Transect Sample Size

Abies balsamea

150

13

-

Acer rubrum

150

8

70

Alnus incana subsp. rugosa 74

26

64

Cornus amomum

74

12

71

Fraxinus pennsylvanica

57

2

-

Ilex verticilata

47

0

-

Larix laricina

50

9

47

Salix discolor

40

5

40

Picea spp.*

-

2

-

Picea mariana

25

0

-

Picea rubens

70

1

-

Thuja occindentalis

25

2

-

Ulmus americana

58

3

-

Viburnum dentatum

18

3

-

*Species unidentifiable

Site Gamma
Species

Site Population Plot Sample Size Transect Sample Size

Acer rubum

200

3

58

Alnus incana subsp. rugosa 3090

293

187

Cornus amomum

402

11

86

Pinus strobus

200

13

-

Prunus virginiana

35

5

-

Salix bebbiana

695

22

-

Salix discolor

700

140

123

Salix sericea

350

35

55

Ulmus americana

34

1

-

Appendix F
Phenological Data
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Acer rubrum
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Figure 1: Acer rubrum
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F4

Betula populifolia
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

No Activity
Complete
Incr. Lf. Size
Leaves
Buds
Dead

04/14/12

04/21/12

Figure 2: Site Alpha only.
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F5

Cornus amomum
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Figure 3: Cornus amomum, Site Alpha and Site Beta
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F6

Salix discolor
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Figure 4: Salix discolor, all sites
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F7

Salix sericea
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Figure 5: Salix sericea, Sites Alpha and Gamma
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